Since the introduction of maleic hydrazide (MH) as a plant growth regulator by Schoene and Hoffman (17) there has been some speculation as to its role as an auxin antagonist. Many of the responses to MH of intact or isolated segments of plant tissue suggest some relationship to auxin processes. Thus, the cessation of growth, the prolonging of dormancy and the breaking of correlative inhibition have been related in some way to the auxin process and are also affected by MH. Cell elongation is to be considered similarly. Leopold and Klein (14) were among those who showed that MH had inhibitory effects on this phenomenon as measured in several common auxin bioassays. These workers, have indicated that MH is an antagonist of auxin action. Support for this aspect of MIH action comes from the work of Kulescha (13) and Gautheret (8) . However, the experimental approach used in these studies was one in which antagonistic effects could readily occur while masking other significant actions.
It is now generally accepted that a significant amount of the activity of auxins on the elongation of plant cells occurs through its influence on the cell wall. A loosening of cell wall constituents followed by an osmotic uptake of water is envisaged with a subsequent elongation of the cell (18) . Increased aerobic metabolic activity has been shown to occur also during this period and a variety of cellular reactions have been followed in detail during these various stages under the influence of auxins.
In so far as the results of the present paper are concerned, the initial phases of auxin action are most significant. Other workers have shown that Avena coleoptiles incubated in the presence of auxin and isotonic or slightly hypertonic solutions of mannitol, can display auxin-induced elongation after the sections have been transferred to solutions where elongation may proceed and which contain no auxin themselves (4) . These responses have been referred to as residual effects of auxin on cell walls. Such responses may also be readily observed by pretreating potato discs with auxins and following their subsequent uptake of water. This phenomenon has been utilized in the present studies in an effort to determine what effect MH has on this basic process under conditions of pretreatment and continuous incubation.
METHODS & MATERIALS
A technique similar to that used by Hackett and Thimann ( 11 ) was used throughout the course of this study. Katahdin potatoes were stored at 7°C until used. Discs 1 cm in diameter and 1 mm thick were cut using a cork borer and a hand microtome. After cutting, the discs were rinsed for 20 minutes in running tap water, given a brief distilled water rinse, and finally placed in petri dishes with enough distilled water to thoroughly wet the surface of the discs but not submerge them, and allowed to stand overnight at 25°C in a dark chamber. After 20 hours, the discs were removed in groups of ten, blotted by a standard procedure of placing them between double thicknesses of paper towel and applying a 100 g weight for 10 seconds, weighed on an electric balance to the nearest ten milligrams, and placed in the apparatus containing the test solution. This marked the beginning of the experimental period. The apparatus consisted of ordinary pyrex petri dishes containing two glass rods 5 mm in diameter, which supported circular pieces of coarse aluminum mesh heavily coated with paraffin. It is important to in(licate here that all test solutions were aqueous and that the initial and final pH of the medium was not controlled on a routine basis. This was done for several reasons. First, it was found by buffer tests that the acidity of aqueous 100 ppnm MH solutions (pH 4.9) was not a factor in the inhibition of water uptake in these tests (table  III) . Second, it was felt that difficulties in the interpretation of the data would arise in such tests, since the discs were exposed to the buffer salts for a comparatively long period of time and thus might be expecte(l to be variously utilized in metabolic process- 
DISCUSSION
Interractions in in vitro systems between auxins and MH have been the subject of several previous studies (7, 8, 13, 14 (16) and Kulescha (13) suggests that the effect of MH is not on the levels of auxins, but rather on their utilization, and therefore the action of MH on auxin systems is best described as that of an auxin antagonist. These effects are displayed as an antagonism of one chemical on the expression of the particular stimulatory or inhibitory reaction induced by the other. Experiments related to those discussed above have been carried out in the present work to obtain more information on the nature of the interractions of MH and auxins. The experiments were concerned with the effects of MH and NAA alone and in combination on water uptake in potato discs. Continuous incubation of the discs indicates that at certain levels of concentration NAA is stimulatory to water uptake and MH is inhibitory. This is in agreement with previously published data from related tests (1, 14) . When the two compounds are mixed at appropriate levels, the interractions produced show clearly that the MH inhibition is the dominant influence of the system and that the MH inhibition reduces the stimulatory effects of the NAA on cell enlargement. Its inhibitory influences on water uptake in the absence of added NAA are small and could possibly arise through a secondary effect on a process unrelated to auxin utilization. The question of the role of cell division in these stimulative and inhibitory effects quite naturally arises. This process definitely occurs over the 6-day period (11) but its significance in regard to the total water uptake induced by treatments of 1 ppm NAA is probably of little importance. Thus, the inhibitory action of MH in this case does not seem to arise from its antimitotic effect.
It is of interest to consider briefly some of the basic aspects of auxin action as they relate to the possible effects MH might have on these processes.
Evidence has been accumulating in recent years that the primary effect of auxins is on plant cell walls (5) . It is generally agreed that the initial phases of auxin action are concerned with processes involving oxidative metabolism and that the result of these processes is a reduction of cell wall pressure (18) .
This initial phase of action can be separated in time from a later elongation phase. There are a variety of reactions occurring in the initial phase which auxins reportedly affect in a stimulatory manner (3, 9, 15, 19) . What is more significant concerning these reactions is that they can occur prior to any determinable growth and once completed will allow elongation to proceed even in the absence of external auxin. Enlargement is accomplished by a subsequent uptake of water by a purely osmotic process governed by the previous loosening of the cell wall.
By the use of a 48-hour auxin pretreatment period, we have shown in this study that certain reactions have taken place in the potato discs during this period, which may later be displayed as an increase in water uptake in the absence of further auxin treatment. Likewise, when these reactions are allowed to proceed in potato discs for 48 hours, the induced water uptake which subsequently occurs cannot be greatly inhibited by treatments with MH. Only a slight diminution of the residual stimulatory effects induced by a pretreatment with NAA occur. It is suggested that this could be due to a secondary effect of MH which is independent of auxin activity. This effect of MH on auxin pretreated discs is in direct contrast to the much greater inhibitory activity of MH on water uptake when the two chemicals are mixed together and presented simultaneously. Therefore, MH is possibly antagonistic to some initial phase of the auxincontrolled processes leading to cellular expansion.
An important relationship to the above discussion exists in a consideration of the effect of pretreatments of MH on the subsequent response of the potato discs to treatments of NAA. Pretreatments of the discs in distilled water did not preclude a subsequent readily detectable stimulatory response to NAA. Thus, any processes occurring during these initial 48 hours in the absence of auxin, such as Hackett (12) has found to occur with the terminal oxidase systems, are not of themselves important factors to consider in the later response of the potato discs to NAA. However, it was shown that inclusion of MH in the pretreatment almost completely suppressed any stimulatory action exerted by a subsequent treatment of NAA in the absence of any external MH. This is evidence for the suppression by MH of a reaction involved in the initial phases of auxin action on cellular expansion, for the discs do not respond to auxin treatment. Considering the possible stimulatory effects the various inorganic ions could have had on the potato discs, only slight relief in the residual inhibitory capacity was encountered, suggesting therefore, a possible binding of the MH to some cellular entity. The results of the experiments utilizing radioactive AIH in the potato discs' incubation medlium tend to confirm this supposition. Chromatographic results indicated that there was a certain amount of free MH in the discs for the duration of the experiment. Further, it was found that a considerable portion of the radioactivity within the discs was located on, and rather strongly affixed to, the solid material obtained on grinding the discs in distilled water. The data also indicate that the incorporation of radioactivity into the solid fraction increases with time.
Previous studies have indicated that much of the inhibitory action of MH is due to its effect on mitosis (6, 10) . There are, however, several lines of evidence in addition to those presented in this study, which indicate that this supposition is not entirely correct. First, it has never been established that the anti-mitotic action of MH is a primarv effect, thus allowing the assumption that its anti-mitotic action is a secondary effect due to tile inhibition of a related process. This is entirely plausible when the variety of cellular reactions reported to be effected by MNH are considered. Second, and perhaps most significant, is the fact that MIH does not commonly show inhibitory activity in tissues otlier than those of higher plants (2 
SU -MM A ARY
The influence of MH and NAA oIn water uptake in potato (liscs has been studied. Both continuous incubation and pretreatnlent of the discs has been employed. These compoundls were presented separately, successively, and in mixtures of varied concentration. \Vith these experimental conditions, it was found that under conditions of continuous incubation AM can negate the stimulatory action of NAA on w\vater uptake. The NAA apparently cannot overcome this inhibition. By pretreating the discs with NAA and then exposing them to MH, the inhibitory action of the MH does not appear to be effective. Conversely, pretreating the discs with MIH renders them insensitive to any subsequent stimulatory action of the NAA. It is suggested that in this case the NIH is acting on a process related to auxin-induced cellular expansion.
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